Bars are common galactic structures in the local universe that play an important role in the secular evolution of galaxies, including the Milky Way. In particular, the velocity distribution of individual stars in our galaxy is useful to shed light on stellar dynamics, and provides information complementary to that inferred from the integrated light of external galaxies. However, since a wide variety of models reproduce the distribution of velocity and the velocity dispersion observed in the Milky Way, we look for signatures of the bar on higher-order moments of the line-of-sight velocity (V los ) distribution. We make use of two different numerical simulations -one that has developed a bar and one that remains nearly axisymmetric-to compare them with observations in the latest APOGEE data release (SDSS DR14). This comparison reveals three interesting structures that support the notion that the Milky Way is a barred galaxy. A high skewness region found at positive longitudes constrains the orientation angle of the bar, and is incompatible with the orientation of the bar at ℓ = 0 • proposed in previous studies. We also analyse the V los distributions in three regions, and introduce the Hellinger distance to quantify the differences among them. Our results show a strong non-Gaussian distribution both in the data and in the barred model, confirming the qualitative conclusions drawn from the velocity maps. In contrast to earlier work, we conclude it is possible to infer the presence of the bar from the kurtosis distribution.
de Vaucouleurs (1964) to explain the non-circular motions observed in Hi, and subsequently confirmed by the near-IR images of Matsumoto et al. (1982) (Blitz & Spergel 1991) , the COBE /DIRBE maps (Weiland et al. 1994; Dwek et al. 1995; Binney et al. 1997) , star counts (Nakada et al. 1991; Whitelock & Catchpole 1992; Weinberg 1992; Stanek et al. 1994 Stanek et al. , 1997 Hammersley et al. 2000; Benjamin et al. 2005; Robin et al. 2012; Wegg et al. 2015) , the distribution of globular clusters (Blitz 1993) , and the rate of microlensing events in the Galactic bulge Evans 1994; Zhao et al. 1995 , but see also Kiraga & Paczynski 1994; Han & Gould 1995; Alcock et al. 1997; Stanek et al. 1997) .
The search for the Galactic bar has also been attempted using stellar kinematics. Zhao et al. (1994) proved that the vertex deviation of 62 K-giant stars in the Baade's Window is inconsistent with an axisymmetric bulge potential. Rattenbury et al. (2007b) found a longitudinal asymmetry in the proper motion dispersions of 45 OGLE-II fields that may be due to the bar (see their figures 3 and 4). Dehnen (2000) identified a bimodality in the velocity distribution of 14,000 Hipparcos stars (Perryman et al. 1997; ESA 1997) caused by the outer Lindblad resonance (OLR). In a similar study, Gardner & Flynn (2010) reproduced the Hercules stream both with a standard Galactic bar and a "long bar" (Benjamin et al. 2005; López-Corredoira et al. 2007 ), although its position in the velocity plane shows a weak dependence with the orientation angle. On the contrary, Pérez-Villegas et al. (2017) proposed an alternative explanation in which the Hercules stream is mainly composed by stars orbiting the stable Lagrangian points, which energy is high enough to visit the solar neighbourhood. However, the OLR reproduces better the bimodality observed in the distributions of the line-of-sight velocities at the galactic longitude ℓ = 270 • and latitude b = 0 • (Hunt et al. 2018) .
Apart from the Hercules stream, other moving groups of stars such as the Hyades, Sirius, and the Pleiades show kinematic features that can be explained with the gravitational effect of a bar potential (Kalnajs 1991; Minchev et al. 2010) . In particular, Minchev et al. (2010) reproduce either the Sirius or the Coma Berenices moving groups depending on the orientation angle and the time elapsed after the bar formation. These streaming motions may not be the unique imprint of the bar on the velocity distribution, since, as Molloy et al. (2015) suggested, the high velocity peaks detected by Nidever et al. (2012) and confirmed by Zasowski et al. (2016) may be a consequence of the 2:1 orbits that support the bar (though other alternatives have been proposed: Li et al. (2014) ; Debattista et al. (2015) ; Aumer & Schönrich (2015) ). In a recent work, Bobylev & Bajkova (2017) reported changes in the orbits of ten globular clusters due to the inclusion of the bar potential, although this result could be more affected by the uncertainties in the input.
Regarding the Oort constants, several authors find values for C and K incompatible with axisymmetric potentials in which C =K =0 km s −1 kpc −1 (Comeron et al. 1994; Torra et al. 2000; Olling & Dehnen 2003; Minchev et al. 2007; Bovy 2017) . In particular, Bovy (2017) used the TGAS catalogue, included in the first Gaia Data Release (Michalik et al. 2015; Lindegren et al. 2016; Gaia Collaboration et al. 2016a,b) to provide the most accurate estimation of C and K to date (C = −3.2 ± 0.4 km s −1 kpc −1 and K = −3.3 ± 0.6 km s −1 kpc −1 ) and confirm their non-zero values. On the other hand, Minchev et al. (2007) not only explained the differences between the cold disc stars (C ≈ 0 km s −1 kpc −1 ) and the hot disc component (a significantly negative value of C ) reported by Olling & Dehnen (2003) , but also observed deviations in the Oort constants A and B due to the bar.
Despite these previous studies confirm the effects of the bar on the Galactic kinematics, the distributions of the mean line-of-sight velocity and dispersion in the Milky Way can be reproduced with several models, which hinders the determination of some parameters key to understanding the characterization and evolution of the Milky Way, such as the bar length and pattern speed, Ω p . In order to break this degeneracy, Zasowski et al. (2016) studied the higher-order kinematic moments of the APOGEE DR12 stars (Alam et al. 2015 ) and compared them with the simulations of Martinez-Valpuesta & Gerhard (2011) and Shen et al. (2010) . Their results show structures in the skewness of the line-of-sight velocity, V los , especially for the metal-rich stars, but a nearly flat pattern for the kurtosis.
In this work, we aim to explore the imprints of the bar on the higher-order moments of V los by using the inplane projection (galactic longitude vs. distance projected on the Galactic plane; that will be introduced in a companion paper Palicio et al. (2018) , in preparation) and the distributions of V los . We assume the solar abundances provided by Asplund et al. (2005) as a reference for the metallicity (Z ⊙ = 0.0122). We investigate the maps of the simulations and observations to find the bar structures and compare them in qualitative terms. This comparison is complemented by a quantitative analysis of the velocity distributions provided by the Hellinger distances. This paper is organised as follows: the observational data is described in section 2 while the simulations are explained in section 3. The maps and distributions of the lineof-sight velocities are introduced in section 4 and discussed in 5. Finally, the conclusions are included in section 6.
OBSERVATIONAL DATA AND DISTANCE ESTIMATION
The Apache Point Observatory Galactic Evolution Experiment (APOGEE; Majewski et al. 2017 Majewski et al. , 2016 ) is a homogeneous spectroscopic survey in the near-infrared H band (1.51-1.70 µm) included as part of the SDSS-III project (Eisenstein et al. 2011) , and continuing in SDSS-IV (Blanton et al. 2017) . It provides high resolution spectra (R ∼ 22500) for stars in all the Milky Way components, with special emphasis on dust-obscured regions such as the disc and bulge, allowing a detailed study of the chemistry and kinematics in the inner Galactic regions. Since the observations are carried out with the Sloan 2.5-m Telescope (Gunn et al. 2006) at Apache Point Observatory (New Mexico), there is a significant unexplored region at negative longitudes in the APOGEE survey that restricts the study of the inner Galactic kinematics to the receding part of the Milky Way. This limitation will be overcome with the observations from the du Pont 2.5-m Telescope at Las Campanas Observatory (Chile), as part of the oncoming extension of the APOGEE survey (APOGEE-2; Majewski et al. 2016 , but see also Zasowski et al. 2017 for the planned field and target selection), which first dual-hemisphere data release is expected by July 2018 (Blanton et al. 2017) .
The APOGEE DR14 (Abolfathi et al. 2018 ) is the most recent of the APOGEE data sets, and provides stellar parameters, chemical abundances and line-of-sight velocities 1 for more than 250,000 sources, doubling the number of stars with respect to its antecessor DR13 (Albareti et al. 2017) . In addition to that, both data sets include photometry (J, H and Ks bands) and the sky coordinates (ℓ, b) of the 2MASS sources (Skrutskie et al. 2006) .
We make use of the distances calculated with the Bayesian method developed by Santiago et al. (2016) and Queiroz et al. (2018, in preparation) , in which an input of observed photometric and spectroscopic parameters is compared to stellar models to return the posterior probability of the distance distribution. The median value of this distribution is adopted as estimate of the distance, with typical uncertainties for the giant stars of about 20%. We discard a crossmatch with the first Gaia data release because the TGAS solution does not measure parallaxes accurately enough for stars beyond ∼ 0.3 kpc.
In terms of kinematics, APOGEE provides lines-of-sight velocities with precision under 0.1 km s −1 (Nidever et al. 2015) . We correct heliocentric velocities by subtracting the solar motion according to the following equation:
where ì V ⊙ =(-241.92, 11.1, 7.25) km s −1 (Reid & Brunthaler 2004; Schönrich et al. 2010) .
It is worthwhile noting that this correction does not depend on the heliocentric distances, but only on the 2MASS coordinates (ℓ, b), whose errors are negligible for our purposes.
We select APOGEE sources within −6 • ≤ ℓ < 42 • to include the near bar arm, and impose the additional cutoff |Z | > 1 kpc in the vertical direction to exclude the stars outside the disc. We cannot consider a symmetric range in ℓ because the latitude of Apache Point Observatory makes it impossible to observe the inner Galaxy at negative longitudes. All the stars with bad flags in their stellar parameters, or no distance estimation, are discarded. Foreground sources are excluded by imposing d cos b ≥ 3 kpc, while different upper limits in distance are considered. These restrictions lead to a final sample size of ∼ 11000 sources with d cos b ∈ [3, 12) kpc.
SIMULATION DATA DESCRIPTION
We make use of the numerical simulations introduced in Palicio et al. (2018) and compare them with observations. The simulations account for star formation and consider an exponential disc with a Toomre Q parameter of 1.5 embedded in a dark matter halo as initial conditions. The two models considered differ only in the fraction of baryonic matter: the disc of each galaxy contains 30% and 50% of the total mass within 7 kpc from the center, respectively. After a total simulation time of 2.52 Gyrs, the galaxy with larger fraction of baryonic matter has developed a ∼ 4.5 kpc (half-length) bar (Benjamin et al. 2005; Cabrera-Lavers et al. 2007; Martinez-Valpuesta & Gerhard 2011; Wegg et al. 2015 ) and a pattern speed Ω p ≈ 30 km s −1 kpc −1 , similar to that measured by Portail et al. (2015) . The other simulated galaxy does not develop a bar, and remains almost axisymmetric during the total simulation time of 4.48 Gyrs. In both simulations, the solar position is defined by the orientation angle φ bar = 25 • (Stanek et al. 1997; Freudenreich 1998; López-Corredoira et al. 2005; Rattenbury et al. 2007a; Shen et al. 2010; Wegg & Gerhard 2013; Cao et al. 2013; Nataf et al. 2015) , with the positive y-semiaxis pointing in the ℓ = 0 • direction. In this frame, the Sun is located at (X, Y, Z)= (0, -R 0 , Z 0 ) with R 0 = 8.0 kpc and Z 0 = 0.025 kpc. Since the velocities are expressed in a galactocentric reference system, no solar motion correction is applied.
For each model, stellar velocities are rescaled using the factor λ that minimizes the right-hand side of the following equation:
Using this method, we account for the line-of-sight velocity dispersion, which is much smaller in the axisymmetric model, and avoid a fit based only on the V los map, that would lead to an unrealistically low σ los . Furthermore, as the maps for the non-axisymmetric model contain more structure due to the bar, the scale factor should not be a bare average.
Our work is inspired by Abbott et al. (2017) who also took into account the dispersion for the fitting of the disc mass to match the results of the BRAVA survey (Rich et al. 2007; Kunder et al. 2012) . Other statistical parameters, such as the skewness and kurtosis are not included in equation 2 because they are dimensionless.
RESULTS

Velocity maps for different stellar metallicities
We use the maps introduced by Palicio et al. (2018) to show face-on galactic projections since the uncertainties in distances change only the positions along one axis, keeping the line-of-sight fixed, in contrast to the usual projection in the x − y plane. In addition, the increasing bin size with distance compensates the lack of observed sources at far distances, making the statistics more robust.
As can be seen in Fig. 1 , the numerical models and the observations show similarities in their V los maps even at large heliocentric distances, where the APOGEE detection is biased by more metal-poor stars being brighter and easier to observe (Hayden et al. 2015) . Indeed, stars with low [Fe/H] Ness et al. 2016; Kunder et al. 2016; Di Matteo 2016; Babusiaux 2016; Williams et al. 2016; Zoccali et al. 2017; Portail et al. 2017) , and the observed trends in V los may be a consequence of this.
In order to quantify this bias, we grouped stars in four metallicity bins according to the quartiles of the [Fe/H] distribution in the region 0 • ≤ ℓ < 30 • and 3 ≤ dcosb < 12 kpc. As shown in Fig. 2 , the V los and σ los maps are similar for d 9 kpc, while at further distance metal-rich stars become less abundant. The number of stars per bin decreases with distance for all metallicities, and ranges from 30 − 50 in the closest regions to less than 15 beyond 8 kpc. The regions near the Galactic Centre are the most populated areas, with more than 40 stars per bin for all the [Fe/H] values. In terms of kinematics, the largest discrepancies are observed at 15 • ℓ 30 • and d > 10 kpc, where metal-poor stars ([Fe/H]< −0.20 dex) have lower V los . Comparing the maps of the dispersions, it is possible to detect a weak decrease in σ los with [Fe/H]. However, this trend is not strong enough to distort the global pattern. In order to reduce the bias, we restrict the study to the range 3 ≤ d b < 9 kpc (hereafter d b ≡ dcosb is the projection of the distance on the galactic plane).
Maps of the mean values and dispersion
The maps of the mean value of V los (first row in Figs. 3 and 4) show the characteristic velocity pattern expected for a clockwise-rotating system, with a very weak distortion in the contour lines for the barred case. Whereas the axisymmetric model shows less structure and a decreasing σ los with galactocentric distance, a kinematically hotter elliptical enhancement is observed in the barred model. Compared to the numerical models, the Milky Way data show a more irregular enhancement aligned with the ℓ ≈ 0 • direction, with slightly lower σ los values.
Bayesian analysis, with the assumption of a Gaussian distribution of velocities in each bin, would favour the axisymmetric model due to the larger posterior probability given by its lower dispersion. However, as we show in the next section, this assumption does not hold for the barred model.
In order to discard the low source number as an explanation for the observed features, we examine the density of stars for the simulations and the observations. The simulations contain at least 230 particles per bin with a maximum density of ∼ 95000 particles in the regions close to the galactic center. The observations, however, show a more heterogeneous distribution with highly populated bins (> 100 stars per bin) along the bar and along the ℓ ≈ 30 • direction up to ∼ 7 kpc. With the exception of few regions at ℓ 30 • or ℓ 0 • , any of the bins contains at least 30 stars. The minimum number of stars (18) is found in the most distant bin from the Sun (ℓ = 39.6, d b ≈ 8.6 kpc).
Maps of skewness and kurtosis
We extend our study to the skewness and kurtosis of the velocity distribution to determine with more accuracy which model matches the Milky Way data best. The skewness involves the third moment of the distribution and provides information about the asymmetry of the distribution, while the kurtosis requires the fourth order moment and quantifies the flatness of the distribution. We calculate these parameters using
where the rightmost term of eq. 4 accounts for the kurtosis of the Gaussian distribution 2 . It is worth mentioning that both values do not depend on the rescaling factor λ, and are dimensionless. As Figs. 3 and 4 illustrate, there are significant differences between the skewness distributions of the models. For the barred simulation we observe a low-skewness ( −0.75) banana-shaped region at 15 • < ℓ < 30 • beyond the bar, and a high skewness area (skew(V los ) ≥ 0.25) that spreads from ℓ < 0 • to the nearest bar edge. A third remarkable feature is observed close to the Galactic center, where the positive skewness region penetrates the bar approximately 1.0-1.2 kpc away.
Similar features can be seen in the Milky Way data. The low-skewness "banana-shaped" region is found at closer distances and slightly larger longitudes (15 • ℓ 35 • ), with an additional prolongation along the ℓ = 30 • direction. In the approaching side of the Galaxy, we observe the expected positive skewness region, albeit with a different shape. We also find an extension across the bar two times larger than the one predicted by the barred model. The axisymmetric model predicts a quite uniform distribution with skewness values from −0.75 to 0, which contrast with the positive skewness region seen in the barred model and in the observations. Apart from the negatively skewed area (skew(V los ) ≤ −0.5), no other estructures are observed in the axisymmetric model.
The last rows in Figs. 3 and 4 show the maps of the kurtosis for models and observations. It is clear from the non-axisymmetric model that the minimum kurtosis region (< −1.0) corresponds to the bar, while the maximun values (> 1.0) are found in the low-skewness region. On the contrary, the unbarred simulation shows positive kurtosis everywhere, with an enhancement at ℓ ≈ 15 • and d b 7.0 kpc probably caused by a spiral arm. It is important to note that both models differ in the general trend of the kurtosis, with positive (negative) values for the axisymmetric (barred) model. This is additional proof of the presence of the Milky-Way bar, since the observational data show negative or almost-zero kurtosis values for ℓ < 20 • . Furthermore, the barred model is supported by the observation of the high kurtosis region related to the receding bar edge.
Distributions of the line-of-sight velocities
We compared the V los distributions of the models to the observations to get a deeper insight on the kinematics. We now select the regions where prominent signatures of the presence of the bar are observed (see Section 4.3) and calculate their V los distributions. The regions are the same for all the maps to avoid an artificial concordance between the distributions of separated regions, although this method may distort the results due to the mix of sources with different kinematics.
The distributions are plotted in Fig. 5 . The region labelled as A corresponds to the zone of low-skewness tagged in Figs. 3 and 4 , Region B encloses the observed extension near the Galactic center, and C is related to the high skewness values at ℓ > 0 • . The dashed lines in Fig. 5 represent the Gaussian curves with the same mean and dispersion as the distributions. As can be seen, the axisymmetric model predicts almost Gaussian distributions, while the observations and the barred model show significant deviations from gaussianity. In Region A, for example, both observational data and the barred model show a non-symmetric distribution whose peak is displaced towards values larger than the average (the maximum of the Gaussian curve). In Region B, the distributions tend to be wider and only the axisymmetric model is negatively skewed.
A sense of the quantitative agreement between the barred model and the observational data can be obtained by noting that in both cases the Gaussian distribution overestimates the number of sources within the range 100-200 km s −1 and subestimates the contribution for V los 200 km s −1 , where the Milky Way data show a minor peak. On the other hand, the main discrepancies are related to the left half of the distributions, since the secondary peak at ∼ −80 km s −1 is not predicted by the simulations. In Region C, the V los distribution of the axisymmetric model is nearly Gaussian with an skewness and kurtosis excesses close to zero, while the barred galaxy and the observations are positive skewed with a more extended tail at larger velocities.
In order to quantify the resemblance between the distributions, we have tried different statistical methods such as the Kullback-Leibler divergence (Kullback & Leibler 1951) or the Bhattacharyya distance (Bhattacharyya 1943) , as well as the widely used χ 2 test. However, we discarded these methods because they do not account for the similarities between the models, and because the Kullback-Leibler divergence and the χ 2 test diverge when the denominator tends to zero. Finally, we have decided to use the Hellinger distance (Hellinger 1909 )
because it satisfies the triangle inequality, that allows a geometrical representation in which the models correspond to the vertex of a triangle, and the edges are the Hellinger distances between them, which sizes are an indicator of the proximity of the distributions (see Fig. 6 ). This interpretation accounts for the similarities between the models (horizontal lines in Fig. 6 ) that are ignored in other goodnessof-fit estimators such as the Bayes Factor or the Pearson's χ 2 test, and makes it possible to evaluate the quality of the observational data fitting in both absolute (lengths of the edges) and relative terms (edges ratio). For example, in Region A the axisymmetric and the barred models reproduce the observations with similar accuracy (as measured by the Hellinger distance), whereas the barred model shows a Hellinger distance with the Milky Way data three times shorter. A similar result is found for Region B, where the non-axisymmetric model matches better the observed V los distribution while all the Hellinger distances have grown, and the axisymmetric model is closer to the barred simulation than to the observations. In Region C, however, this trend is inverted. We repeat the analysis over the whole sample and calculate the Hellinger distance in each bin (Fig. 7) . The V los distributions predicted by the barred model tend to be closer to those found in the Milky Way, especially along the bar direction where Hellinger distances are smallest ( 0.25). On the contrary, the axisymmetric model shows larger Hellinger distances without any noticeable structure.
In order to find the best-matching model for the observations, we have studied the impact of the orientation angle φ bar and the bar half-length on the median Hellinger distance. The orientation angle is varied from 0 • to 50 • (step 5 • ), while the bar half-length ranges from 3 to 6 kpc (step 0.5 kpc). We observe a decreasing trend in the median Hellinger distance with φ bar , which becomes nearly flat for angles larger than 30 • (Fig. 8, left panel) . This makes it difficult to constrain the best value of φ bar , although an orientation angle of ∼ 30 • − 35 • is compatible with some previous estimations (see Bland-Hawthorn & Gerhard 2016 and references therein) . On the other hand, the median Hellinger distance as a function of the bar half-length (Fig. 8, right  panel) shows a minimum at 4.5 kpc (i. e. the value initially assumed).
DISCUSSION
We find signatures of the Galactic bar using the line-ofsight velocities V los provided by the new APOGEE DR14 dataset (Abolfathi et al. 2018 ) and the distance estimations of Santiago et al. (2016) ; Queiroz et al. (2018) .
Numerical models of barred galaxies predict a sharp transition in V los at the bar edges (Palicio et al. 2018) which is not observed in Figs. 3 and 4 for three main reasons. Firstly, this transition is clearer if the solar motion is included, which is not our case. Secondly, large bins are required to obtain accurate statistics with this limited dataset. As a consequence of binning, different galactic regions are mixed and their features blurred. Finally, an orientation angle of 20 • − 30 • maximizes the similarity between the V los maps for the axisymmetric and barred models. In other words, any other value for the orientation angle would lead to more recognizable bar signatures in V los . As a result, the maps for V los are almost identical for the observations and the rescaled simulations (see Section 3), although the models are intrinsically different.
Similarly, the map of the Milky Way σ los shows a simple decreasing trend with galactocentric distance, compatible with both models (second rows in Figs. 3 and 4) , although the barred model is dynamically hotter due to the wider variety of bar orbits. As metal-poor stars are brighter and kinematically hotter, an observational bias in favour of those stars may reproduce the high σ los seen in the distant regions. However, we discard this selection effect as cause of such structures because the V los maps are similar for all the considered metallicity ranges (Fig. 2) , and because the lack of metal-rich stars is only significant beyond the Galactic center.
As Figs. 3 and 4 show, we can discern three main structures in the skewness distribution with a single imprint on the kurtosis map. These features are nothing but the degradation expected due to our coarse binning (Fig. 9) .
The first structure is a low-skewness and high-kurtosis region within 15 • ℓ 40 • and d b 3 kpc, whose counterpart in the barred model is found at farther distances d b 5 kpc, probably due to an incorrect estimation of distances, with no parallel structure in the axisymmetric case. According to the barred model, this feature appears to be associated with the receding part of the bar, and its position depends strongly on the orientation angle φ bar , the bar length, and R 0 .
Another signature of the bar is the positive or near to zero skewness region across the major axis (d b ≈ 7 − 8 kpc). In contrast to the previous feature, both the data and the barred model show this enhancement at the same position. We verified that the enhancement is independent of the bar orientation. As Fig. 9 shows, an analogous feature with skew(V los ) < 0 • is expected at negative longitudes. Unfortunately, this part of the sky is not covered by the APOGEE survey due to the geographic location of the Apache Point Observatory, but the ongoing APOGEE-2 project Zasowski et al. 2017) or the Gaia mission, for example, will provide the data required to verify our hypothesis.
The high skewness domain (> 0.25) observed at positive longitudes constitutes a third evidence for the bar, and can be used to constrain the orientation angle. As our tests with the barred model show, this structure corresponds to the approaching side of the bar, and it is bounded by the receding major axis (providing that φ bar lies between 0 • and ∼ 60 • ), so a small |φ bar | is highly improbable (Fig. 4) . We attribute the differences in ℓ < 0 • to a relatively low number of sources available ( 100 stars per bin). It is important to emphasize that the positive skewness features are located in a region where the axisymmetric model predicts negative skew values, so a different σ los would not wipe out these structures.
Apart from the previous features, we find good agreement between the kurtosis map of the barred simulations and the observations. As illustrated in the last row of It is worthwhile that all of the structures described above are robust against changes in the distance estimates. Indeed, assuming simply a common age of 5 Gyrs for all the APOGEE DR14 stars to interpolate in the parsec isochrones 3 (Bressan et al. 2012) , and adopting the extinction corrections given by Zasowski et al. (2013) , we can estimate the distances of the non-APOGEE DR13 stars (Albareti et al. 2017) . As a result, even though we observe minor discrepacies in the structures compared to those in Figs. 3 and 4 , the general pattern does not change substantially, and no new features appear.
Our maps are in good agreement with those obtained by Zasowski et al. (2016) , who explored the high-order moments of V los for more than 19,000 APOGEE DR12 stars to constrain models of the Milky Way. Although they use a sky projection (i. e. the ℓ-b plane) to display their results, we find important concordances with our ℓ-d b maps, such as the previously described high and low skewness areas, associated with Regions C and A, respectively. As can be seen in their figure 6, they find a negative skewness region at ℓ ≈ 30 • − 35 • which is fully compatible with our Region A, and a peak in the positive skewness area at ℓ ≈ 10 • as in Figs. 3 and 4 . On the other hand, a major discrepancy appears in the fourth order moment, since they report an almost longitudinally flat distribution for kurt(V los ) while we observe a clear enhancement along the ℓ ≈ 30 • direction. This noteworthy difference is probably due to the "cone effect" characteristic of the ℓ-b projection, since it mixes stars from different Galactic regions whose kinematics also differs (see their figure 16 ). We can exclude small number statistics as a source of error in our estimation of kurt(V los ) given that this region is one of the most populated areas.
In a similar work, Zhou et al. (2017) fit the line-of-sight velocity distributions with the Gauss-Hermite series proposed by van der Marel & Franx (1993) :
where H 3 and H 4 are the third and fourth order Hermite polynomials, respectively, and γ,V, σ, h 3 and h 4 are the free parameters of the fit. In particular, the coefficient h 3 (h 4 ) accounts for the asymmetric (symmetric) deviation from a Gaussian distribution. Their results show a positive h 3 -V correlation in the bar region (|ℓ| < 10 • ), in contrast to the anticorrelation found in discdominated areas (|ℓ| > 10 • ), supporting the predictions of Bureau & Athanassoula (2005) , Shen & Debattista (2009 ), or Iannuzzi & Athanassoula (2015 . In our analysis of h 3 , however, we do not find similar trends withV for two main reasons. First, the face-on projection considered in our maps automatically excludes the contribution of foreground disc stars to the bar region. This is opposite to the case for the edge-on projection, in which foreground disc stars play an important role in the statistics for the central longitudes. For example, Zhou et al. (2017) report a weaker h 3 -V correlation in the bar region when the foreground disc stars are excluded in the model of Shen et al. (2010) , and a shift in the maximum of h 3 once the T e f f < 4000 K cutoff 4 is applied to the APOGEE data (see their figure 4). Second, different projection choices tend to group sources in different ways, leading to distributions with different moments and bestfitting parameters, affecting the relations among them; such as the h 3 -V correlation, which may appear distorted or even removed. This can be seen in the recent work of Li et al. (2018) , in which the inclination of the models dramatically changes the h 3 -V relationship, especially in the outer parts of the bar, where the correlation can be inverted. Finally, the h 3 -V correlation reported in the edge-on view is supported by the gradual increase inV with longitude, which al low |b| can be studied it as a simple h 3 (ℓ) relation. This is not the case for the face-on view, since h 3 andV also vary with distance.
The comparison of the V los distributions (Fig. 5) supports our interpretation of the maps. In quantitative terms, the barred model tends to predict the mean value, the dispersion, and the skewness of V los better than the unbarred model, even though the shape of the distributions differs as discussed for the case of Region A. On the other hand, no model reproduces the observed kurtosis in Regions A and C, but in Region B the barred simulation predicts a kurtosis of -0.610, while the observed value is -0.641.
In Region B the distributions tend to be wider due to the high velocity dispersion of the Galactic center. The barred simulation and the observational data show a non-Gaussian distribution whose complexity cannot be explained by an axisymmetric galaxy, with a common over Poissonian error. In our case, this negative velocity peak may be a consequence of the non-uniform sky coverage of the APOGEE survey, since its stars lie in the half of Region B closer to the Galactic center. However, according to the statistical criteria adopted in Zhou et al. (2017) , it can be also considered a result of the Poissonian noise since it is found at ∼ 2.02σ.
The V los distributions in Region C seem to be more normally distributed, but only the barred model and the observational data share certain non-Gaussian features, such as the long tail at large V los and the overestimation in the number of sources between 0 and -75 km s −1 . In Region A, the barred simulation provides the best fitting to the V los distribution of the Milky Way (upper panel in Fig. 5 ) despite the location of their low-skewness regions differs. Furthermore, our tests with different barred models prove that the shape of the distribution in this region changes with the orientation angle of the bar, the Sun-Galactic center distance R 0 , the pattern speed, and the length of the bar.
According to the Hellinger distances, the barred model provides the best description for the Milky Way kinematics in the three regions. As we can see in Fig. 6 , the distances between the axisymmetric model and the observation are at least two times larger than those between the observations and the barred model. We must recall that with this Hellinger distance test we are not trying to account for the differences in the position of the structures, but just compare the distributions of certain regions.
CONCLUSIONS
Both the barred and the axisymmetric models can reproduce the maps of V los and the trend in σ los observed in the Milky Way. Our results show, however, that it is possible to discern structures in the maps of higher-order moments of V los that can not be explained with an unbarred galaxy. We identify a structure in the Milky Way data ubiquitous to barred galaxies (Region B), as well as two other features that depend on the orientation angle φ bar (Regions A and C). Unlike previous studies, we detect an enhancement in kurtosis associated with the end of the bar that breaks the uniformity of the map.
We compare the distributions of V los in three regions and find good agreement between the barred model and the observational data. In order to quantify the similarity, we introduce the Hellinger distance to measure the proximity between two distributions, which supports our interpretation of the maps. In addition to that, the study of the V los distribution in Region B reveals a secondary peak similar to those reported by Nidever et al. (2012) , and another local maximum which may be caused by limitations in sky coverage of APOGEE, and will be solved with APOGEE-2S observations (Zasowski et al. 2017) .
The APOGEE-2 project or the Gaia mission will provide the line-of-sight velocities needed to confirm our interpretation of the central structures. Furthermore, we plan to extend the quantitative comparison using the Hellinger distance to barred models with different evolutionary paths, and of different bar shapes, lengths, and pattern speeds.
